Defining gene therapy
The term 'regenerative medicine' refers to methods which replace or regenerate human cells, tissues or organs to restore or establish normal function. Examples include stem cell therapy, gene therapy and tissue engineering (Health Research Authority, 2016) . Table 1 presents some examples of types of regenerative medicine.
Gene therapy is one type of regenerative medicine; it refers to a technique which uses genes to treat or prevent disease, instead of using Table 1 . Types of regenerative medicine
Type Example
Stem cell therapy Holoclar, which is used for corneal regeneration and restoration of visual acuity in patients with severe corneal chemical and thermal burns associated with total unilateral or severe bilateral limbal stem cell deficiency (Holostem, 2017) Gene therapy Glybera, which is designed to restore lipoprotein lipase enzyme activity in patients diagnosed with familial lipoprotein lipase deficiency (UniQure, 2017) Tissue engineering Epicel, a cultured epidermal autograft, which is used in adult and children patients with skin burns (Vericel, 2017) drugs or surgery. Several approaches to gene therapy are being tested (US National Library of Medicine, 2016) , including:
• Replacing a mutated gene with a healthy copy of the gene • Inactivating a dysfunctional mutated gene • Delivering a new gene into the body.
The aspiration for gene therapy is to allow doctors to treat a disorder by inserting a gene into a patient's cells instead of using drugs or surgery.
Gene therapy: Emerging from concept to reality in the clinic
Genetic research and the mapping of the human genome raised the hopes and expectations of a generation of preventative and curative medicines. Despite decades of research in this field, only a small number of gene therapies have actually been approved to date. 
Safety
Research into gene therapy has had its challenges and payers/regulators are well aware of the experience with this technology in the past. There are some inherent risks associated with procedures and several notable patient deaths have occurred throughout the years of research in this field. In particular, the use of the viral vectors poses a risk to patients in a variety of ways (e.g. by triggering toxic, immune or inflammatory reactions or through the virus recovering its ability to cause disease once inside the body) (News Medical, 2014) . (Calimmune, 2017) Phase 1 medicines, other markets around the globe are also taking action. In 2014, the Pharmaceutical and Medical Law act was revised to ease the development of gene therapy and regenerative medicine in Japan. Under the revised law, regenerative medicines (including gene therapy) are able to receive conditional approval after completion of phase II trials (as long as safety and probable efficacy is demonstrated). Conditional approval will be granted for seven years, during which time the company will be able to market their treatment while collecting additional data on efficacy. After seven years the company can decide to apply for final marketing approval, or withdraw the product (Life Science Leader, 2015) . The acceleration of regenerative medicine development and commercialisation is part of the economic revitalisation plan launched by Japanese prime minister Shinzō Abe in 2012. Regenerative medicine is viewed 
Pricing methodology
Value assessment and price negotiation
In March 2016, on the back of the Regenerative Medicine Expert Group (RMEG) recommendation to conduct an exploratory study on the appraisal of example regenerative medicine products, the National Institute for Health and Care Excellence (NICE) published Exploring the assessment and appraisal of regenerative medicines and cell therapy products (NICE, 2016) . The RMEG had concerns that although the core elements of a NICE appraisal could apply to regenerative medicine, cost effectiveness thresholds may be challenging given the high cost of goods. NICE appraisals could therefore delay patient access and clinical adoption. In collaboration with the University of York, the NICE report claimed that:
• NICE's methodology was applicable to regenerative medicine and cell therapies • Uncertainty was a key element in payer decision making • Varying the discount rate applied to cost and benefit was found to have a significant impact on these technologies (NICE, 2016) . It can be reasoned that a gene therapy can be assessed in the same manner as any new pharmaceutical (see Figure 2 ) and therefore the traditional NICE methodology applies. However, there are two crucial differences which distinguish gene therapy:
• Evidence of the likely duration of effect • The pricing model to finance the purchase. The University of York report highlighted the challenge of uncertainty surrounding duration of effect (NICE, 2016 ) and the quality and duration of evidence available for the product should be a core element of any value assessment for gene therapy.
The second challenge associated with gene therapy is that once a product has a price, there comes the issue of how to afford it within the financial sustainability of the healthcare system. Manufacturers of 'once and done' therapies will point to the complicated and expensive manufacturing process in addition to the cost savings to the healthcare system if the therapy is positioned as potentially curative at launch. The upfront cost to healthcare systems is the key affordability challenge facing payers. A haemophilia-A gene therapy at a price equivalent to the lifetime cost of alternative treatment (factor VIII) avoided, which costs in excess of £100 000 per year (Hay, 2013) would be problematic if an upfront cost was required. Even if payers and the manufacturer agreed a price based on the available data (e.g. five years 
Price negotiation

Stage 3
Pricing model = around £500 000 per patient per year), in the current economic climate it is unlikely that this would be a viable proposition. The failure of Glybera to secure widespread market access at an upfront price of approximately €1 million is widely seen by commentators as a rejection of the single upfront payment model by payers (Nature Biotechnology, 2015) . Risk-sharing arrangements are common in NICE technology appraisals, and once an agreement is made, the healthcare system funds the product under the terms of the agreement. However, with gene therapy, the price of the product is largely driven by the potential costsavings in the therapy area targeted. There is the issue of affordability, but also the concept of financial risk and whether the healthcare system should solely bear this-or if it should be shared with the manufacturer. This issue is complicated further in healthcare systems where patients can switch insurance provider, as the insurer paying for the therapy, may not realise the benefit if patients switch provider. Figure 3 outlines below some potential ways in which healthcare providers and the manufacturer could share the financial risk with gene therapy and tackle affordability challenges. The challenge with the proposed models, as with any innovative pricing arrangement, is the compatibility with government pricing cycles and the cost-benefit of administering the schemes.
Option 1: The personal contract purchase (PCP) model
The PCP model works with a concept which has been applied with much success in the automotive industry. If a customer is unable to afford the list price of the car upfront, providers take a deposit and then make a number of payments over a set period of time. At the end of the agreement, customers have the option to pay the outstanding balance in full, trade in for a new car of simply return the vehicle to the manufacturer. With a gene therapy, there is an advantage to the healthcare system in paying a negotiable deposit and monthly payments, which then may allow patients access to a therapy that was previously considered unaffordable due to the upfront cost. While it is unfeasible at the end of the agreement to 'trade-in' the gene therapy Manufacturer provides gene therapy as a service and charges health system when healthcare intervention is avoided e.g. bi-monthly injections (6 invoices a year) and then one for annual review © 2017 MA Healthcare Ltd for a new product, payers could effectively hand back the product to the manufacturer and not make the final payment if efficacy was not maintained at the end of the agreed period.
Option 2: Regular payment model
The regular payment model offers the opportunity for healthcare systems to spread the cost of treatment. This initially seems quite a simple solution and beneficial to payers, who could stop payments if efficacy of a product failed. However, this requires the manufacturer to take the full financial risk and does not guarantee an immediate return on investment. For this model to be commercially viable, it is likely that large numbers of patients would have to be initiated on a therapy, which given the safety concerns associated with gene therapy, might not be a realistic concept. The model is flexible and does allow for renegotiation of monthly cost if market conditions change (such as an alternative cheaper comparator therapy becoming available).
Option 3: Service model
The service model moves the gene therapy away from the concept of pricing the technology as a pharmaceutical and more as a service. The manufacturer would effectively provide the technology for free and then invoice the healthcare service for the healthcare intervention avoided. For example, if a gene therapy was developed in neovascular age-related macular degeneration (nAMD), then the healthcare system could be invoiced for every anti-VEGF injection avoided. A 6-monthly or annual review could then be scheduled between the healthcare system and the manufacturer to provide reconciliation. This model provides an innovative approach; and also allows for the incorporation of new technologies and evolving care pathways, while avoiding the upfront cost barrier to the healthcare system.
Cost-effectiveness thresholds
A key outstanding issue with gene therapy is which cost-effectiveness threshold to apply. In Cost-effectiveness range for liver transplantation suggested by Longworth et al (2003) theory, these would be the same thresholds that are applied to current pharmaceutical products (see Figure 4) . For example, if a manufacturer developed a gene therapy in end-stage oncology then the £50 000 cost per quality adjusted life year (QALY) threshold would apply. Likewise, if a technology was developed for nAMD, then the £20 000-30,000 threshold would apply. Longworth et al (2003) looked at the costeffectiveness of liver transplants, which like gene therapy, is an example of a single medical intervention where there is considerable uncertainty about the magnitude of benefit over the lifetime of the patient (Longworth et al, 2003) . If the cost-effectiveness of 'once and done' interventions with considerable uncertainty such as liver transplants can be considered under a cost per QALY threshold, the same rationale can assuredly be applied to regenerative medicines such as gene therapy. It will be interesting to see how payers in the UK will deal with gene therapies which are not currently subject to HTA (e.g. HIV, haemophilia) and how the cost-effectiveness of these therapies will be established. For example, if a product was developed in haemophilia, if there would be efforts to include it in the national tendering process. Likewise, in the UK, vaccination is considered by a separate specialist body in the Joint Committee on Vaccination and Immunisation (JCVI), It is therefore plausible that payer bodies such as NICE would have to form a separate committee for gene therapies. Finally, it would be interesting to see if the 'service' pricing model was adopted, if NICE would evaluate gene therapy as a medical technology rather than a pharmaceutical.
Conclusion
Gene therapy is an enigma to healthcare providers: it potentially offers long-term efficacy with the convenience of 'once and done' or significantly reduced dosing schedules. However, despite the promise of the technology, payers are likely to point to the data uncertainties, safety and the upfront cost to either reduce the cost or restrict patient access to gene therapy products. To payers, the reality is that gene therapy is another healthcare intervention with a different-albeit innovative-mechanism of action. Payers rarely pay for convenience and therefore, the 'once and done' concept, while potentially revolutionary to patients and clinicians, may hold limited appeal to payers, particularly in areas where safe, efficacious alternatives exist.
Experience with early gene therapies is likely to shape the pricing and reimbursement structure for future gene therapies. Although payers will try to evaluate gene therapies via existing methodologies, there may need to be amendments to accommodate the potential long-term benefits and risks of gene therapy.
The upfront payment model is unlikely to be affordable for most healthcare systems and manufacturers will have to be innovative in terms of the pricing models they offer to healthcare systems. A key challenge to innovative pricing is patient volume and until the past concerns with the safety of gene therapy have been lifted, it is hard to envisage widespread use of the technology, even in therapy areas where the unmet need is high and/or the patient numbers are large. Gene therapy offers the potential for a 'tectonic shift' in clinical care, but the widespread adoption is not without friction. BJHCM
